. Mammalian smooth muscle cells responsive to various agonists or calcium ions have also been isolated and their properties were investigated (Gomi and Momose, 1978) , and this procedure has been applied to the studies for mechanical responses (Mita et al., 1987 , Mita et al., 1989 and for binding assay of receptors (Koike et al., 1989 , Seidel et al., 1983 .
In the present paper, we reported that heterogeneous contractile responses of single smooth muscle cells to carbachol (CCh). Effect of enzyme treatment for the cell dispersion on the muscarinic receptors was tested by comparison of the binding of a radiolabeled antagonist to the single cells and that of the membrane preparations.
To evaluate the physiological significance of the heterogeneity in the response to CCh, we also examined the contractile 
Preparation of a membrane fraction
A membrane fraction of ileal longitudinal muscle from guinea pig was prepared by the method of Konno and Takayanagi (1986) .
Measurement of contraction of single cells
A "cell adhesion method (Komatsu et al., in preparation) " was introduced to determine contractile responses of isolated smooth muscle cells. Cell adhered to glass capillary was perfused at a rate of 1.0 ml/min at 30°C, and CCh was applied with the perfusate. In our first paper (Momose and Gomi, 1977) , we presented a technique in which cells were placed on a silicone-coated slide glass and perfused with physiological salt solutions containing agonists. This technique was very simple to determine the contractile responses of dispersed cells, but, it could be possible that cells adhered tightly on the glass might be unable to contract. Therefore, we developed a "capillary adhesion" technique and examined contractile response of dispersed smooth muscle cells as described in this paper. With this technique, we revealed that each dispersed cell had different sensitivity and contractility as indicated above.
We have already reported that single smooth muscle cells isolated from guinea pig taenia coli had different contractility, but we could not conclude that each smooth muscle cell had originally different contractility, since contractile system might be damaged during the isolation process by treatment with collagenase and other peptidases contaminated in the collagenase preparation. Commercially available collagenase preparations contain serious peptidases such as trypsin and clostripain. So, we examined highly purified collagenase preparation for dispersion, but it revealed that contamination of peptidases in collagenase preparations was absolutely necessary (Maruyama et al., 1988) . Therefore, effects of peptidases could not be avoided during the isolation process.
Considering these facts, we examined effect of enzyme treatment on characteristics of muscarinic receptors. It resulted the Bmax value for [3H] QNB binding to the membranes prepared from the tissue digested with purified collagenase and papain was similar to that of membranes without enzyme treatment, suggesting that the total amount of muscarinic receptors are no changes during enzymatic digestion (Table 1) . Moreover, the Kd value for [3H] QNB binding to the cells was not significantly different from that estimated in the membrane preparations (Table 1) . Although the single cells showed heterogeneous responses to CCh (Fig. 3) , the ED50 value estimated from the mean dose-response curves of the single cells was equal to that of cells in the tissues (Fig. 6) . These results indicate that purified collagenase-papain digestion had no effect on the muscarinic receptor and on the contractile mechanisms of smooth muscle cells. On the other hand, distribution of cell length in the tissue shifted towards shorter cell length by CCh (Fig. 5) , but the distribution shifts were not consistent with the assumption that all the cells contracted in an equal proportions. Thus, we conclude that contractile response of individual cells to cch is naturally heterogeneous.
Electron microscope and fluorescent histochemical studies of the relationship of individual nerves to smooth muscle cells have suggested three types of smooth muscle cells directly innervated key cells, coupled and indirectly coupled cells (Burnstock et al., 1971) . These cells are connected by low-resistance pathways, represented by nexuses, which allow electronic spread of excitation from key cells to the other cells. Since cell dispersion eliminates intracellular connection, the isolated cells that showed heterogeneous responses to CCh in our experiment might be key cells.
The force development of whole tissue was initiated at much lower concentration of CCh than the shortening of single cells (Fig. 6) . A similar result was reported in guinea pig taenia caecum (Mita et al., 1988) . They suggested that the complexity of the pathway for electronic spread of excitation induced facilitation and/or summation of the membrane potential and therefore the tissue was more sensitive than single cells to agonists. But in our experiment, the dose-response relationship of cells in the tissue was similar to that of single cells rather than whole tissue (Fig. 6) , indicating that the shortening of cells in the tissue was not consistent with force development of the tissue. These discrepancy might be due to the differences in the loading tension between two experimental condition.
